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a substrate. Upon subjecting a sample of nucleic acid to an amplification reaction in the presence of said first and second oligonucleotide 
primers the presence of said predetermined nucleic acid sequence is indicated by the production of an amplified labelled nucleic acid product 
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NUCLEIC ACID SEQUENCE DETECTION 

This invention relates to the detection of target nucleic 
acid sequences. 

There is now available a considerable body of information 
on the sequences of nucleic acid which are of particular 
significance to inter alia the health of animals including 
inter alia the sequences of various viruses and the 
sequences of particular mutations or polymorphisms (which 
are more common mutations) in the genomic DNA of a human or 
other animal. Thus it is in principle possible to detect 
the presence of such viruses and mutations or polymorphisms 
by the use of tests for the detection of target nucleic 
acid sequences which are more or less characteristic of 
said viruses and mutations or polymorphisms. Existing 
tests are however relatively slow, cumbersome, and/or 
expensive and thus have been of limited or restricted use. 

In more detail, it has been increasingly recognised in 
recent years that mutations in genomic DNA which can be as 
small as a single base or base pair, can give rise to 
serious illnesses. Given though that a single gene can 
contain thousands of bases, it can be difficult to screen 
for such small changes. 

One example of such a polymorphism occurs in the gene 
encoding clotting factor V. A single mutation (G to A at 
base 1691), replaces arginine 506 with glutamine, and 
results in a clotting factor (Factor V leiden) which is 
resistant to inactivation by activated Protein C f and 
therefore more thrombogenic (Dahlback et al 1993, Bertina 
et al 1984). This polymorphism is present in 2-5% of the 
normal population, but in patients with venous thrombosis 
rises to 15-20%, and thus appears to be a major risk factor 
for venous thrombosis. 
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There are many techniques available for the detection of 
mutation which vary greatly in their complexity and 
sensitivity. One of the major breakthroughs in this field 
was the development of ARMS PCR (amplification refractory 

5 mutation System; also known as SSP-PCR: sequence specific 
primer) - While this technique has greatly accelerated the 
process of mutation screening , it still relies on the 
relatively c umb ersome and time consuming process of 
electrophoresis to detect differences in electrophoretic 

10 mobility associated with the difference in nucleic acid 
sequence. Electrophoresis is a relatively cumbersome and 
time consuming procedure requiring the use of expensive 
materials and specialised apparatus under laboratory 
conditions which results in significant delays in obtaining 

15 a diagnosis. 

A particularly significant problem in relation to virus 
detection, arises in relation to blood and blood products 
where viral contamination e.g. with Hepatitis A, B and/or 

20 C, Human Immunodeficiency Virus (HIV) , Parvo Virus B-19, of 
blood donations can pose serious risks to the recipients of 
the blood transfusions or blood products. Existing 
screening methods are largely based on the detection of 
antibodies to the viral contaminant r in the blood. In 

25 practice, though, detectable levels of antibody to virus 

concerned may take several weeks to develop in the donor so 
that a blood donation from a recently infected donor cannot 
be successfully detected in this way. DNA or RNA detection 
can be used for such samples, however the large number of 

30 samples requiring to be analysed from even small blood 
donor centres places huge demands on any electrophoresis 
system. 

It is an object of the present invention to avoid or 
35 minimise one or more of the above disadvantages. 

The present invention provides a detection system suitable 
for use in a method of detecting the presence or absence of 
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a predetermined nucleic acid s quenc in a sample of 
nucleic acid, the system comprising: 

a first oligonucleotide primer capable of annealing with a 
first strand of nucleic acid containing said predetermined 
nucleic acid sequence, such that a 3 1 end region of the 
first primer anneals with a first portion of said 
predetermined nucleic acid sequence; 

a second oligonucleotide primer having a 3» end region 
capable of annealing with a second strand of nucleic acid 
complementary to said first strand of nucleic acid such 
that a 3 f end region of the second primer anneals with a 
portion of said second strand which portion is 
complementary to a second portion of said predetermined 
nucleic acid sequence, which second portion is spaced from 
and 5' of said first portion; and 

one of the first and the second primers being labelled with 
the other of said first and said second primers being 
anchored to a substrate, whereby upon subjecting a sample 
of nucleic acid to an amplification reaction in the 
presence of said first and second oligonucleotide primers 
the presence of said predetermined nucleic acid sequence is 
indicated by the production of an amplified labelled 
nucleic acid product captively retained on said substrate. 

In a further aspect the present invention provides a method 
of detecting the presence or absence of a predetermined 
nucleic acid sequence in a sample of nucleic acid, which 
method comprises the steps of: 

providing a first oligonucleotide primer capable of 
annealing with a first strand of nucleic acid containing 
said predetermined nucleic acid sequence, such that a 3' 
end region of the first primer anneals with a first portion 
of said predetermined nucleic acid sequence; 
a second oligonucleotide primer having a 3' end region 
capable of annealing with a second strand of nucleic acid 
complementary to said first strand of nucleic acid such 
that a 3 ' end region of the second primer anneals with a 
portion of said second strand which portion is 



WO 97/32040 



PCT/GB97/00548 



-4- 

complementary to a second portion of said predetermined 
nucleic acid sequence, which second portion is spaced from 
and 5' of said first portion; and 

one of the first and the second primers being labelled with 
5 the other of said first and said second primers being 
anchored to a substrate; 

subjecting a sample of nucleic acid comprising the first 
and, complementary, second strands to an amplification 
reaction in the presence of said first and second 
10 oligonucleotide primers; 

removing unreacted labelled primer; and 

detecting the presence of amplified labelled nucleic acid 
product captively anchored on said substrate. 

15 Thus by means of the present invention it is possible to 
provide a highly sensitive detection of nucleic acid 
sequences of interest for one reason or another - for 
example to detect the presence of particular viral 
pathogens or contaminants, particular foreign nucleic 

20 acids, or particular genomic DNA mutations or 
polymorphisms . 

The present invention can also be used to detect the 
absence of or freedom from particular nucleic acid 

25 sequences, whether this be from particular micro-organisms 
such as viral pathogens or contaminants, particular foreign 
nucleic acids, or particular normal or mutated genomic DNA 
sequences. It will be appreciated though that it may by 
desirable to seek positive verification of any essentially 

30 negative finding such as the absence of a particular 

mutation, by positive detection of the normal sequence or 
of another mutation. 

It will be appreciated that whilst it is necessary to have 
35 substantially detailed knowledge of the sequence of the 

first and s cond portions of the predetermined nucleic acid 
sequence in order to select suitable oligonucleotide 
primers, it is not, in principle, necessary to have such 
detailed knowledg of the sequence between these. 
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Accordingly, in its broadest sense the expression 
" predetermined nucleic acid sequence" indicates merely 
that at least said first and second portions have a 
particular known sequence. 

5 

Where it is desired to obtain positive detection of 
individual ones of two or more different nucleic acid 
sequences, then this may be carried out by carrying out 
separate tests and amplifications with different 

10 combinations of primers containing the respective labelled 
primers. In a preferred form of the invention though two 
or more such primer combinations are used together 
simultaneously but with different labels in the labelled 
primers so that the presence of either or both of the 

15 different nucleic acid sequences may be indicated by 
detection of the respective labels. Various labelling 
systems are available which allow the selective 
identification of one label in the presence of another 
label, such as for example fluorescent labels which 

20 fluoresce selectively at different exciting wavelengths as 
further discussed hereinbelow. In this way it is possible 
to simultaneously test for a normal sequence and a 
particular mutation, two or more different mutations, two 
or more viral pathogens etc., thereby considerably 

25 improving the speed and/or efficiency of screening. It 
will of course be appreciated that where it is merely 
sufficient to know that any one of a plurality of 
predetermined nucleic acid sequences (e.g. corresponding to 
a number of sdifferent viruses) is present, then the 

30 different combinations of primers may be used together in 
the same reaction zone without the need for mutually 
distinguishable labels. 

The present invention may be used with various nucleic 
35 acids including genomic, double stranded, DNA when 

screening for mutations. The invention may also be used 
with other double stranded nucleic acids e.g. an RNA - cDNA 
duplex, as well as with a single stranded nucleic acid e.g. 
RNA. In the latter case it will be appreciated that the 
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s cond, complementary, strand required for expon ntial 
amplification reaction may simply be produced automatically 
in the first cycle of the amplification reaction by 
extension of the first oligonucleotide primer. 
5 Alternatively though the second , complementary, strand 
could be produced by transcription of the single stranded 
nucleic acid by any suitable means known in the art as a 
preliminary step. 

10 It will also be appreciated that nucleic acid amplification 
reactions are normally carried out as a plurality, 
preferably, a multiplicity, of cycles, each of which 
substantially doubles the amount of amplified nucleic acid 
product previously obtained (so long as excess primers are 

15 still available) . The number of cycles used will depend on 
inter alia the initial concentration of the nucleic acid of 
interest and the sensitivity of the label detection system 
used and hence the concentration of amplified nucleic acid 
product required. In general there would normally be used 

20 at least 15 amplif ication cycles, preferably from 25 to 35, 
advantageously from 20 to 40, amplification cycles. 

The present invention provides in another aspect a method 
of detecting a target polynucleotide sequence at a 
25 predetermined site in a nucleic. acid sequence, which method 
comprises the steps of: 
providing: 

a sample containing said nucleic acid sequence in a double- 
stranded form having complementary first and second 
30 strands ; 

a first oligonucleotide primer having a 5' end and a 3 1 end 
and capable of hybridizing with said target sequence, with 
the 3 1 - end of said first oligonucleotide primer 
hybridized to said predetermined site, or to one side 
35 thereof in the 5 1 to 3' direction of said sequence, on the 
first strand; and 

a second oligonucleotid primer capable of hybridizing with 
the second complementary strand with the 3 1 end of said 
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second oligonucleotide primer hybridized to said 
complementary strand at a site spaced from said 
predetermined site in the 3 1 to 5' direction of said first 
strand, 
one of: 

a) the first and (b) the second oligonucleotide primers 
being labelled; 

anchoring the other of: said first and said second 
oligonucleotide primers to a substrate; 

subjecting the double stranded nucleic acid sequence sample 
to a replication reaction in the presence of said first and 
second oligonucleotide primers, for providing replicated 
nucleic acid produced by extension of said labelled 
oligonucleotide primer, hybridized to a replicated nucleic 
acid sequence produced by extension of said oligonucleotide 
primer anchored to said substrate, so as to be captively 
retained on said substrate; 

removing unreacted labelled oligonucleotide; and 
detecting the presence of any labelled material on said 
substrate. 

It will of course be understood that the method of the 
present invention is equally applicable whether the first 
primer is designed to hybridize with the sense or anti- 
sense strand of the nucleic acid, and the second primer 
with the anti-sense or sense strand, respectively. 
Accordingly unless otherwise expressly indicated or 
required by the context, it should be understood that any 
references herein to one or other forms of the nucleic acid 
sequence (sense and anti-sense) in the methods and products 
of the inventions, also includes the other. It should also 
be noted that references herein to an oligonucleotide 
primer being capable of annealing or hybridizing with a 
nucleic acid sequence or strand in relation to the new 
methods of the present invention are used to indicate the 
primer binding to a first part of said nucleic acid 
sequence or strand to a degre which is sufficient to 
permit replication of a second part of said nucleic acid 
sequence or strand extending from said first part in the 3' 
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to 5* direction of said nucleic acid sequence or strand by 
extension of the primer in a suitable replication reaction. 
As is already known in the art, the degree of 
correspondence or complementarity of the oligonucleotide 
5 primer sequence to said first part of the nucleic acid 
sequence or strand (i.e. matching of the bases in the 
primer to the bases in the nucleic acid sequence or strand) 
required to achieve may vary considerably ranging from 100% 
down to 50% or less depending on various factors such as 

10 length of the oligonucleotide primer, position of any 

mismatches especially with reference to proximity to the 3 ■ 
end, and stringency of the hybridizing conditions used. 
Thus in general a greater degree of mismatch may be 
tolerated the longer the oligonucleotide primer and the 

15 more remote the mismatch (es) from the 3 1 end. Also a 
greater degree of mismatch may be tolerated when less 
stringent hybridizing conditions are used. 

The present invention can be used for detecting various 

20 kinds of mutations including point mutations or single base 
changes, and mutations involving two or more adjacent base 
changes, as well as deletions or insertions of various 
lengths, at predetermined sites in predetermined nucleic 
acid sequences. It may also be noted that the precise 

25 alignment of the 3 1 end of the first oligonucleotide primer 
with the predetermined site of the mutation within the 
predetermined nucleic acid sequence, can be varied 
somewhat. Preferably the 3 f terminal base of the first 
oligonucleotide primer, itself coincides with the mutation 

30 site i.e. the predetermined site contains the 5 '-terminal 
base of the first portion. It is also possible though for 
the 3' terminal base to be aligned with the predetermined 
nucleic acid sequence so as to be slightly offset, e.g. by 
1 to 3 bases, 5 1 of the mutation site so that another part 

35 of the 3» end region e.g. the second or third base from the 
3' terminal base is aligned with the predetermined site. 
In another form of the invention the 3' terminal base is 
aligned with the nucleic acid sequence so as to be offset 
3 1 from the mutation site. In this case it will be 
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appreciated that the same first oligonucleotide primer will 
bind to both normal and mutant forms and it is accordingly 
necessary to discriminate these other than on the basis of 
differences between normal and mutant form primers. Where 
5 the mutation is in the form of a substantial deletion e.g. 
more than 500 bases then amplification could be designed in 
such a way with reference to reaction and cycling 
conditions that replication would not normally proceed 
successfully with the normal form and this can accordingly 

10 provide a suitable basis for discrimination with presence 
of bound labelled material only in the presence of the 
mutation. Where the mutation coincides with a restriction 
site (in the normal or mutant form of the nucleic acid 
sequence then digestion of the replicated material 

15 containing the labelled oligonucleotide with a suitable 

restriction enzyme for said restriction site can be used to 
"cut free 11 replicated material containing the labelled 
oligonucleotide, only in the case where the replicated 
material also contains the restriction site so that bound 

20 label is only detected in the presence of the nucleic acid 
sequence form in which the restriction site is absent. 

The present invention can also be used for detecting a wide 
range of predetermined nucleic acid sequences for a variety 

25 of different purposes other than the detection of 

mutations. In particular the invention can be used for 
detecting the presence or absence of infections of 
particular microorganisms in various materials such as 
blood, blood products, food, plant material through the 

30 detection of particular nucleic acids which may be viral 
DNA or RNA, genomic DNA or RNA from microorganisms such as 
bacteria, fungi etc. It will of course be appreciated that 
such materials may require a greater or lesser degree of 
pre-treatment prior to application of the methods of the 

35 present invention, for example in order to release the 
nucleic acid sequences into solution in a form which will 
allow amplification. Thus, for example, in the case of 
blood this would normally be treated by at least heating to 
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temperatures in exc ss of 90 # C to inactivate proteases 
prior to the addition of enzyme solutions. 

The choice of oligonucleotide primers in such cases will 
5 generally involve a significantly greater degree of freedom 
than in those cases concerned with the detection of 
particular mutations and will also depend on the degree of 
specificity required in any given case - for example, 
whether it is required to detect a member of a particular 

10 species or sub-species, or merely a member of some wider 
grouping such as genera, families, orders etc. In general 
the oligonucleotide primers will be selected in relation to 
a predetermined nucleic acid sequence from a region which 
is substantially non-variable and well conserved within the 

15 grouping concerned (although it will be appreciated that, 
in principle, assuming there is no excessive variation 
inbetween them, it is only necessary for the first and 
second portions of the predetermined nucleic acid sequence 
to be well conserved) . Suitable regions are well known in 

20 the art for various infectious organisms. Thus for example 
in the case of blood, hepatitis C infections are of great 
concern and suitable nucleic acid sequences for use in the 
detection of such infections include the highly conserved 
5 f noncoding region of the viral genome (Garson et al 

25 1991) . 

It will further be understood that the methods of the 
present invention may be carried out in various ways. In 
the case of a specific localised mutation such as a single 

30 base substitution or deletion, then the first 

oligonucleotide primer is preferably selected so that its 
3« end corresponds • 1 (i.e. when the first oligonucleotide 
hybridizes with the first strand, its 3 1 end is opposite) 
to the mutation site. In the case of a relatively large 

35 deletion then there would need to be used a normal first 
oligonucleotide primer with its 3' end in proximity to the 
3' end of the deleted sequence to bring it sufficiently 
close in the nucleic acid sequence to the second 
oligonucleotide to allow replication of a normal DNA 
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fragment. On the other hand a mutant first oligonucleotide 
more or less close to the 3 f side of the predetermined site 
deletion could allow replication to proceed with a mutant 
deleted nucleic acid sample even where the spacing would be 
5 too large to allow replication of the corresponding normal 
nucleic acid sequence with the normal first oligonucleotide 
primer. 

In one preferred aspect the present invention provides a 
10 method of deleting a nucleic acid mutation or the like at a 
predetermined site in a double stranded nucleic acid 
sequence, which method comprises the steps of: 
providing: 

a first oligonucleotide primer having a 5 1 end and a 3 1 
15 end, at least part of the 3' end being capable of 

hybridizing to either the mutated sequence or the non- 
mutated sequence on a first strand and incapable of 
hybridizing to the other of said mutated sequence or non- 
mutated sequence on the first strand; 
20 a second oligonucleotide primer capable of hybridizing with 
a second complementary strand with the 3 1 end of said 
second oligonucleotide primer being hybridized to said 
complementary strand at a site spaced from said 
predetermined site in the 3 1 to 5 1 direction of said first 
25 strand , 
one of: 

a) the first and b) the second oligonucleotide primers 
being labelled; 

anchoring the other of: said first and said second 

30 oligonucleotide primers to a substrate; 

subjecting a double stranded nucleic acid sequence fragment 
containing said predetermined site to a replication 
reaction in the presence of said first and second 
oligonucleotide primers, for providing replicated nucleic 

35 acid produced by extension of said labelled oligonucleotide 
primer, hybridized to a replicated nucleic acid sequence 
produced by extension of said other oligonucleotide primer 
anchored to said substrate, so as to be captively retained 
on said substrate; 
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removing unreacted labelled oligonucleotide primer; and 
detecting the presence of any labelled material on said 
substrate. 

5 In a simple form of the invention there is only one, normal 
or mutant, first oligonucleotide to detect the presence or 
absence of the respective, normal or mutant, nucleic acid 
sequence. Preferably though, in order to reduce the risk 
of false negatives, then both normal and mutant forms of 

10 the first oligonucleotide are used in separate reaction 

zones (e.g. wells). A normal or mutant sequence will then 
always give a positive reaction in one or other of the 
reaction zones (except where the sequence contains a 
different mutation at the predetermined site - in which 

15 case further mutant first oligonucleotides would need to be 
used to obtain a positive indication of the presence of 
such further mutations) . 

In one preferred form the invention simply uses a first 
20 oligonucleotide primer capable of hybridizing with the 

nucleic acid sequence to the 3» side of the predetermined 
site of the nucleic acid mutation, and a second 
oligonucleotide primer capable of hybridizing with the 
complementary form sequence to the 3 1 side of the 
25 predetermined site (in the complementary form sequence) , 
whereby replication and detection of labelled replicated 
nucleic acid sequences can only be obtained with mutant 
sequences • 

30 In another preferred form the present invention provides a 
method of detecting a nucleic acid mutation or the like at 
a predetermined site in a double stranded nucleic acid 
sequence, which method comprises the steps of: 
providing: 

35 at least one of 

a) a normal form first oligonucleotide primer having a 5 1 
end and a 3* end and capable of hybridizing with a normal 
or mutant form of said sequence, with the 3 1 end of said 
first oligonucleotide primer hybridized to said 
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predetermined site or to one side thereof in the 5' to 3' 
directi n of said sequence, on a first strand; and 
b) a nutated form first oligonucleotide primer having a 5' 
end and a 3' end and capable of hybridizing with a mutated 
5 form of said sequence with the 3 1 end of said mutated first 
oligonucleotide primer hybridized to said predetermined 
site or to one side thereof in the 5' to 3' direction of 
said sequence, on said first strand; and 

a second oligonucleotide primer capable of hybridizing with 
10 a second complementary strand with the 3* end of said 

oligonucleotide primer hybridized to said complementary 

strand at a site spaced from said predetermined site in the 

3' to 5' direction of said first strand, 

one of: a) the first and (b) the second oligonucleotide 
15 primers being labelled; 

anchoring the other of: said first and said second 

oligonucleotide primers to a substrate; 

carrying out replication of a double stranded nucleic acid 
sequence fragment containing said predetermined site to a 

20 replication reaction in the presence of said first and 
second oligonucleotide primers, for providing replicated 
nucleic acid produced by extension of said labelled 
oligonucleotide primer hybridized to a replicated nucleic 
acid sequence produced by extension of said other 

25 oligonucleotide primer anchored to said substrate, so as to 
be captively retained on said substrate; 

removing unreacted labelled oligonucleotide; and detecting 
the presence of any labelled material on said substrate. 

30 It would in principle be possible to anchor the second 
(common) oligonucleotide to the substrate and utilize 
different ones of the normal and mutant normal mutant first 
oligonucleotide in different reaction zones. In general 
though it is more convenient to anchor the first 

35 oligonucleotide (s) to the substrate (in different reaction 
zones) and use the same free (labelled) second 
oligonucleotide in all the reaction zones. 
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Thus, with the method of the present invention, it is 
possible to detect relatively small nucleic acid mutations 
- in some cases as small as one base - in a relatively 
simple, reliable, economic, and rapid manner using well 
5 established in vitro replication techniques such a PCR and 
monitoring for the presence or absence of labelled product. 

A variety of labelling systems suitable for use in the 
method of the invention are well known in the art including 
10 radioactive labels such as P 32 or P 33 , fluorescent labels 
such as fluorescin or rhodamine and coloured dye label 
systems such as biotinylation followed by development with 
Streptavdin-Horseradish peroxidase conjugate and peroxidase 
substrate . 

15 

Thus in some cases, where, for example, a radioactive label 
is used, the presence of bound label may be detected with 
suitable apparatus such as a scintillation counter. In 
other cases there may require to be used a developer 
20 reagent system for ^developing" the bound label into a 
form which can be detected by simple visual inspection 
and/or with the aid of suitable apparatus e.g. 
spectroscopic apparatus . 

25 A variety of oligonucleotides may be used for detecting any 
desired sequence. Preferably there are used 
oligonucleotides having from 15 to 40, most preferably from 
18 to 35 nucleotides, although in the case of the anchored 
oligonucleotide this should preferably have a length of at 

30 least 25 nucleotides to help avoid interference with 

replication as a result of steric hindrance. Whilst longer 
nucleotides could be used these are generally less 
preferred for economic reasons. 

35 The separation of the second portion from the first portion 
along the predetermin d nucleic acid s quence being 
replicated may also be varied considerably. In general the 
spacing may be from 50 to 1000 nucleotides, preferably from 
100 to 500 nucleotides when testing for a specific well 
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defined mutation such as a point mutation or well defined 
breakpoint. Although larger spacings may be employed these 
are generally less efficient and do not provide any 
additional benefits. Smaller spacings of less than 100 
5 nucleotides have been shown to be more efficient for 

detecting low levels of nucleic acids (Garson et al 1991) • 

In the case of mutations in the form of substantial 
deletions, then, as noted above, as an alternative to using 

10 a first oligonucleotide capable of hybridising to a 

predetermined site within said deletion, there may simply 
be used first and second oligonucleotides at either side of 
said deletion with an interval therebetween (in the normal 
sequence) larger than that which can be replicated under 

15 the replicating conditions used, but which is small enough 
in the presence of the deletion to allow replication to 
proceed under said replicating conditions, whereby the 
presence of the deletion is indicated by the detection of 
the labelled replicated material, while the normal sequence 

20 does not yield any labelled replicated material. Thus in 
such cases it will be appreciated that the preferred 
oligonucleotide primer spacing is defined with reference to 
the deleted form of the predetermined nucleic acid sequence 
rather than the normal form. Similar considerations apply 

25 to cases where there are substantial insertions and it is 
desired to detect the presence of a specific insertion, the 
preferred oligonucleotide primer spacing is defined with 
reference to the inserted form of the predetermined nucleic 
acid sequence. 

30 

Various techniques suitable for use in anchoring the (first 
or second) oligonucleotide to the substrate may be used 
according to inter alia the kind of substrate used. Most 
conveniently the latter is a microtitre plate or other 
35 multi-reaction zone apparatus made of a plastics material 
such as polyalkene, polyacrylate, polystyrene etc. In some 
cases the oligonucleotide may be anchored directly to the 
plastics material by means of chemical cross-linking 
(Staros et al 1986) . 
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In other cases the oligonucleotide prim r may be anchored 
indirectly with the aid of a specially coated or treated 
reaction zone surface. Thus for example there may be used 
5 a substrate in the form of a plate coated with streptavdin 
and the oligonucleotide biotinylated and then bound to the 
streptavdin coated plate. 

In order to obtain sufficient bound labelled material to 
10 facilitate detection there is desirably used a replication 
method which readily provides a substantial degree of 
amplification. The well known Polymerase Chain Reaction is 
particularly suitable in this connection. 

15 Other in vitro replication methods that could be used 
include the ligase chain reaction (Wiedmann et al 1994). 

In order to reduce the risk of obtaining false negative 
results there is desirably used in accordance with the 

20 present invention, at least one positive control sample of 
nucleic acid containing the predetermined nucleic acid 
sequence of interest for testing in parallel with the 
unknown sample. Various forms of multi-zone apparatus 
particularly convenient for use in parallel testing 

25 including for example, microtitre plates which have an 

array of a multiplicity of reaction walls, are known in the 
art. 

In a further aspect the present invention provides a 
30 diagnostic kit suitable for use in a method of the present 
invention comprising: 
at least one of: 

a) a normal form first oligonucleotide primer having a 5 f 
end and a 3* end and capable of hybridising with a normal 
35 or mutant form of said sequence, with the 3 f -end of said 
first oligonucleotide primer hybridised to said 
predetermined site or to one side thereof in the 5 1 to 3 1 
direction of said sequence, on a first strand; and 
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b) a mutated form first oligonucleotide primer having a 5 1 
end and a 3' end and capable of hybridising with a mutated 
form of said sequence with the 3' end of said mutated first 
oligonucleotide primer hybridised to said predetermined 
5 site or to one side thereof in the 5' to 3' direction of 
said sequence, on said first strand; and 

a second oligonucleotide primer capable of hybridising with 
a second complementary strand with the 3 1 end of said 
oligonucleotide primer hybridised to said complementary 
10 strand at a site spaced from said predetermined site in the 
3 f to 5' direction of said first strand, 
one of: 

a) the first and (b) the second oligonucleotide being 
labelled, 

15 and the other of: said first and second oligonucleotide 
primers being anchored to a substrate. 

The present invention also provides a diagnostic kit 
suitable for use in a method of the present invention 

20 comprising :- 

a first oligonucleotide primer having a 5 1 end and a 3* end 
capable of hybridising with a normal or mutant form of said 
sequence, with the 3 f end of said first oligonucleotide 
primer hybridised to said predetermined site, or to one 

25 side thereof in the 5' to 3 1 direction of said sequence, on 
a first strand; and 

a second oligonucleotide primer capable of hybridising with 
a second complementary strand with the 3 1 end of said 
second oligonucleotide primer hybridised to said 
30 complementary strand at a site spaced from said 

predetermined site in the 3' to 5' direction of said first 

strand, 

one of: 

a) the first and (b) the second oligonucleotide primers 
35 being anchored to a substrate, 

and the other of: said first and second oligonucleotide 
primers being labelled. 
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Further preferred features and advantages of the invention 
will appear from the following detailed example given by 
way of illustration. 

5 Example 1 - Preparation of Diagnostic Kit for use in the 
detection of G1691A polymorphisn in gene encoding 

coagulation factor V 

Background 

The cDNA sequence for the gene encoding coagulation or 
10 clotting factor V has been published (R.J. Jenny et al ) and 
is also listed in the EMBL database under EHBL Accession 
number Ml 6 9 67. 

A. Preparation of labelled ( first) oligonucleotides 

15 A % ' normal 1 ' sequence specific downstream, oligonucleotide 
having the following sequence: 5 1 -AAAAGTACCTGTATTCCTT-3 1 
and corresponding to base positions 1691 to 1701 of the 
complementary form of the abovementioned cDNA sequence and 
a further 8 bases of the genomic sequence coding for an 

20 intron details of which are also included in the 
abovementioned publication (R.J. Jenny et al ) , was 
biotinylated during manufacture. 

A " mutant 1 1 sequence specific oligonucleotide having a 
25 sequence identical to the above normal 1 1 one except for 
the 3 1 terminal base which was C in place of T 
corresponding to the G/A mutation present in the genomic 
DNA sequence at the 1691 base position in the 
abovementioned published cDNA sequence, was similarly 
30 labelled. 

B. Preparation of anchored ( second) oligonucleotide 

A known upstream oligonucleotide having the sequence: 
5 1 -TGCCCAGTGCTTAACAAGAC-3 1 corresponding to base positions 
35 1581 to 1600 of the abovementioned cDNA sequence, was 

anchored to a 96-well microtitr plate by a carbodiimide- 
mediated coupling reaction in accordance with the following 
procedure . 
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15 Ml of animated oligo solution (100 ng oligo) was added 
to each well of the plate • And diluted with an equal volume 
of 20jiM MES (2-[N-Morpholino]ethanesulphonic acid), 20|iM 
EDTA. 30 /il of cross linking solution was then added to 
5 each well and the plates were incubated at 37 'C preferably 
50 °C for 3 hours. After incubation the plates were washed 
twice in dd. (double distilled) H2O and blotted dry before 
being air dried at 60 *C for 1 hour. Plates thus prepared 
can be stored at 4*C for at least 6 months. 

10 

Cross-linking solution; 

40 mg preferably 400 mg EDC l-ethyl-3(3- 
dimethyaminopropyl)carbodiimide-HCl and 500 Mg Sulpho- 
NHS (N-Hydroxysulphosuccinimide) made up to 5 ml with 
15 ddH 2 0. 

Example 2 - Method of Detecting G1691A mutation in the gene 
encoding coagulation factor V 

20 A. Replication of DNA fragment sample 

Genomic DNA (100-500ng in 5/il ddH20) from each sample was 
added to duplicate wells on the microtitre plate of the 
diagnostic kit of Example 1. A separate master mix 
solution having the composition indicated below was then 
25 added to each of these duplicates, one containing * * normal 11 
first oligonucleotide/ the other containing "mutant" first 
oligonucleotide. Each well was then overlaid with 20 /ul 
mineral oil and subjected to 30 rounds of PCR (Polymerase 
Chain Reaction) amplification using the conditions 
30 indicated below. 

Master mix solution - volumes per well ; 
5/xl 10 X PCR Buffer (Pr omega) 
3m1 dNTP solution (1.25p.M each) 
2/il MgCl2 solution (25*iM) 
35 1^1 oligo (lOOng of appropriate first oligonucl otide) 

Taq polymeras (2U) 
H 2 0 to 55jLil (preferably 50^1) 
PCR Cycling conditions: 
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94 *C 15s 
55*C 15S 
72 # C 30S 

30 cycles followed by 2 min hold at 72 # C 

5 

B. Detection of Replicated dwa 

The plates were then washed once in buffer A and once in 
buffer B. Streptavdin-HRP (horseradish peroxidase) 
conjugate was then added to each well (150/11 of a 50ng 

10 solution), and the plates incubated at 37 *C for 15 min. 

Plates were then washed once in buffer B and once in buffer 
A. 150/il of Sigmafast OPD (commercially available 
peroxidase substrate) solution was then added to each well, 
and the colour allowed to develop in the dark for 15 min. 

15 The presence of a yellow/brown colour indicates the 
presence of PCR replicated DNA product, and hence the 
allele corresponding to that particular, normal or mutant, 
first oligonucleotide. 

20 Buffer A 

lOO^M Tris-HCl pH 7.5? 800 \M NaCl 

Buffer B 

Buffer A with 0.5% BSA 

25 

Streptavdin Horseradish-peroxidase conjugate 
Sigma Chemical Company product number S-5512 

Sigmafast OPD 
30 Sigma Chemical Company product number P9187 

Example 3 - Preparation of a screening kit for use in the 
detection of Hepatitis C virus in plasma donations. 

35 PecKqrotinfl 

Viral contamination of donated blood is a serious problem 
in transfusion medicine. Direct detection of viral genome 
is the only reliable way to screen for hepatitis c (HCV) 
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viraemia. This is most efficiently done using two nested 
PCR 1 reactions. Nested PCR improves both th yield of 
product from very low template concentrations, and the 
specificity of the PCR reaction, reducing the possibility 
5 of false positive reactions. The first PCR reaction using 
the Outer primers (PT1 and PT2) yields a product of 81 base 
pairs in size, the second PCR reaction using two primers 
(PT3 and PT4) specific to the sequence amplified by the 
first pair of primers and yielding a product of 60 base 

10 pairs. These primers are directed against the highly 

conserved 5' noncoding region of the viral genome, and will 
amplify all previously described genotypes of HCV including 
Types I, II and III so that a positive result will simply 
indicate that at least one HCV Type (which may be any Type) 

15 is present in the test sample, this being sufficient in 

cases where, for example, the purpose of the test is simply 
to check the safety of a blood donation. Of course where 
it is desired to detect the presence of one particular Type 
of HCV, then a different set of oligonucleotide primers 

20 would require to be selected. This can be readily effected 
by selecting primers from regions of the nucleic acid 
sequence which are specific to the Type concerned, using 
the published sequence information. 

25 Primer sequences (from Garson et al 1991) 

PT1 5 1 — CGTTAGTATGAGTGTCGTGC-3 1 (antisense outer) 

PT2 5 1 -CGGTGTACTCACCGGTTCC-3 1 (sense outer) 

PT3 5 1 -AGTGTCGTGCAGCCTCCAGG-3 1 (antisense inner) 

PT4 5 1 -CGGTTCCGCAGACCACTATG-3 1 (sense inner) 

A. Preparation of oligonucleotides 

The oligonucleotide primers were obtained from a commercial 
producer and supplier of such primers (Oswel DNA Service, 
Southampton, England) . Oligonucleotides PT1 and PT2 were 
35 used without modification. Oligonucleotide PT4 was 

biotinylated during manufacture. Oligonucleotide PT3 was 
anchored to a 96 well microtitre plate (Nucleolink, Nunc, 
Inc. Naperville, IL, USA) by carbodiimide-mediated 
coupling in accordance with the following procedure. 
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75 Ml 10 *iM 1-methyl-imidizole (l-Melm) , pH 7.0, containing 
100 ng/ well of PT3 was pipetted into each well. 25 /il of 
40 nM l-ethyl-3-(3-dimethylaminopropyl)-carbodiimide 
(freshly prepared in 10 vM l-Melm) was then added to each 
5 well and the plate was incubated at 50 °C for 5 hours. The 
plate was then washed 5 times in 0.4N NaOH 0.25% Tween 20 
at 50 °C and twice in ddH20 before being blotted dry. 

Example 4 - Method of detecting HCV in blood donations. 

10 

A. Reverse transcriptase and first round replication, 
5 /il plasma or RNA extracted from a test sample, or a 
positive control RNA sample, was added to each reaction 
well of an untreated 96 well plate. (When viral load is 

15 high, 5/xl of plasma will contain detectable levels of 
template; at lower levels, some form of concentration 
either by centrifugation and resuspension in a smaller 
volume, or chemical extraction and precipitation may be 
required. As this test is based on the presence or absence 

20 of a PCR product, it is essential to include a positive 
control RNA sample to ensure the reaction conditions are 
working). 45 jxl of master mix 1 was added to each well, and 
overlaid with 20 yl mineral oil. The plate was then 
subjected to the following temperature cycles. 

25 

Stage 1 1 cycle 

95 °C for 2 min 
70 °C for 30 min. 
Stage 2 30 cycles 
30 9 5 °C for 20 s 

55 °C for 30 s. 

Master mix 1 volume per well 

10 jjil 5X buffer (250 \M Bicine pH 8.2, 575 

35 KOH, 40% Glycerol) 

3 Ml dNTP solution 
5 /il 25 |lM Mn(0Ac)2 solution 
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3 Ml mix of oligos PT1 and PT2 (0,2 mM each) 
1 /il rTth DNA polymerase (Perkin Elmer or 
Promega) 

23 Ml sterile ddH 2 0 

Note: rTth DNA polymerase also has reverse transcriptase 
activity which is used in stage 1 to produce DNA copies of 
the RNA. 

b. secpnfl rpiwti replication- 

5 Ml of the PCR product generated in each well of A (above) 
was added to a well of the microtitre plate prepared in 
example 3 (above) • 45 Ml of master mix 2 was added to each 
well, and overlaid with 20 m! mineral oil. The plate was 
then subjected to the following temperature cycles. 

30 cycles 

95 °C for 20 s 
55 °C for 30 s. 

Master mix 2 volume per well 

10 Ml 5X buffer (250 \xM Bicine pH8.2, 575 

MM KOH, 40% Glycerol) 

3 Ml dNTP solution 
5 Ml 25 mM Mn(0Ac)2 solution 
3 Ml mix of oligos PT3 and PT4 ( 0.02 mM PT3 
and 0*2 mM each) 

1 Ml rTth DNA polymerase (Perkin Elmer or 
Promega) 

23 Ml sterile ddH20 
C. Detection of replicated DNA 

The same procedure and materials as described in Example 2B 
hereinabove were used. The presence of a yellow/brown 
colour indicates the presence of PCR replicated DNA 
product, and hence of an HCV nucleic acid, thereby 
indicating viral contamination with Hepatitis C virus. 
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Example 5 - Pr paration of a diagnostic kit for the 
detection of G20210A polymorphism in the prothrombin gene 
(coagulation factor Ili^j^l 

Background , This polymorphism was reported by Poort et al 
(1996) and is associated with increased risk of thrombosis. 
The following two examples comprise a diagnostic kit 
suitable for the detection of this polymorphism. 

A. Preparat ion of anchored oligonucleotides. 
A "normal 1 sequence specific downstream oligonucleotide 
having the following sequence: ATAGCACTGGGAGCATTGAGGCTC and 
corresponding to positions 20233-20210 to nnnn of the above 
mentioned DNA sequence ( numbered according to Poort et al) 
was synthesised with a 5 1 amino group. 

A "mutant 1 sequence specific downstream oligonucleotide 
having the following sequence: ATAGCACTGGGAGCATTGAGGCTT and 
20 corresponding to positions nnnn to 20233-20210 of the above 
mentioned DNA sequence ( numbered according to Poort et al) 
was likewise synthesised with a 5" amino group. 

The above mentioned oligonucleotides were anchored to 
25 separate wells of a 96 well microtitre plate using the same 
procedure as in Example 1. 

B. Preparation of labelled oligonucleotide. 

An upstream oligonucleotide having the sequence 
30 TCTAGAAACAGTTGCCTGGC corresponding to base positions 19889- 
19908 of the above mentioned sequence was biotinylated at 
the 5' end during manufacture. 

Example 6 Metho d of detecting G20210A polymorphism in the 
35 prothrombin gene (coagulate foctor Tlleia^pl 

Replication of DNA fragment sqqple 

To the microtitre plate prepared in Example 5A, genomic DNA 

(100-500ng) or whole blood (2-5 ixl) from each sample was 
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added to one well coated with the * normal 1 oligonucleotide, 
and one well coated with the * mutant' oligonucleotide. 50 
111 of a mast r mix solution having the composition 
indicated below was then added to each well of the 

5 microtitre plate. Each well was then overlaid with 20 (il 
mineral oil and subjected to 30 rounds of PGR amplification 
using the same procedures as in Example 2 A except that in 
the Master mix solution there is used in the 1 /ul oligo: 
(lOOng labelled oligonucleotide (from ExampleSB) ) and the 

10 H2O was added to 50^1. 

B. Detection of Replicated DNA 

The same procedure and materials as described in Example 2B 
15 hereinabove were used. The presence of a yellow/brown 
colour indicates the presence of PCR replicated DNA 
product, and hence the allele corresponding to that 
particular, normal or mutant, first oligonucleotide. 

20 
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CIAIMS 

1. A detection system suitable for use in a method of 
detecting the presence or absence of a predetermined 

5 nucleic acid sequence in a sample of nucleic acid, the 
system comprising: 

a first oligonucleotide primer capable of annealing with a 
first strand of nucleic acid containing said predetermined 
nucleic acid sequence, such that a 3' end region of the 
10 first primer anneals with a first portion of said 
predetermined nucleic acid sequence; 

a second oligonucleotide primer having a 3 1 end region 
capable of annealing with a second strand of nucleic acid 
complementary to said first strand of nucleic acid such 

15 that a 3 1 end region of the second primer anneals with a 
portion of said second strand which portion is 
complementary to a second portion of said predetermined 
nucleic acid sequence, which second portion is spaced from 
and 5' of said first portion; and 

20 one of the first and the second primers being labelled with 
the other of said first and said second primers being 
anchored to a substrate, whereby upon subjecting a sample 
of nucleic acid to an amplification reaction in the 
presence of said first and second oligonucleotide primers 

25 the presence of said predetermined nucleic acid sequence is 
indicated by the production of an amplified labelled 
nucleic acid product captively retained on said substrate. 

2. A system according to claim 1 which includes a plurality 
30 of different oligonucleotide primer combinations 

corresponding to different respective predetermined nucleic 
acid sequences. 

3. A system according to claim 2 wherein said different 

35 oligonucleotide primer combinations have different mutually 
distinguishable labels whereby the presence of any one or 
more of the plurality of different predetermined nucleic 
acid sequences may be detected at th same time in a 
sample. 
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4. A system according to claim 2 wherein said diff rent 
oligonucleotide primer combinations have the same label 
whereby the presence of any one or more of the plurality of 

5 different predetermined nucleic acid sequences may be 
detected in alternate samples. 

5. A system according to any one of claims 1 to 4 which 
includes a plurality of different oligonucleotide primer 

10 combinations having a nested arrangement relative to each 
other with respect to a given predetermined nucleic acid 
sequence for use in a preliminary multi-stage nested 
amplification reaction. 

15 6. A system according to any one of claims 1 to 5 which 
includes a nucleic acid amplification system. 

7. A system according to claim 6 wherein said amplification 
system includes a polymerase which catalyses reverse 

20 transcription of RNA and replication of DNA. 

8. A system according to any one of claims 1 to 7 wherein 
each of said oligonucleotide primers has from 15 to 40 
nucleotides. 

25 

9. A system according to any one of claims 1 to 8 wherein 
the anchored oligonucleotide primer (s) has (have) at least 
25 nucleotides. 

30 10. A system according to any one of claims 1 to 9 wherein 
the labeled oligonucleotide primer (s) has (have) a label 
selected from a radioactive label, a fluorescent label and 
a coloured dye label. 

35 11. A detection system according to claim 1 which includes 
a developer reagent system for use in developing the label 
in any captively retained labelled nucleic acid, to 
facilitate detection of said label. 
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12. A system according to any of claims 1 to 11 wherein the 
substrate comprises a multi-reaction zone apparatus. 

5 13. A system according to claim 12 wherein said apparatus 
comprises a microtitre plate of a plastics material. 

14. A system according to claim 13 wherein the anchored 
primer is attached to the substrate by means of chemical 

10 cross-linking. 

15. A system according to claim 13 wherein the anchored 
primer is bound via a coating applied to a reaction zone 
surface. 

15 

16. A system according to any one of claims 1 to 15 which 
includes at least one positive control sample of nucleic 
acid, which sample contains said predetermined nucleic acid 
sequence (s) . 

20 

17. A system according to any one of claims 1 to 16 for 
use in a method of detecting a mutation or polymorphism 
which system includes an oligonucleotide primer combination 
specific to the mutated or polymorphic form of the 

25 predetermined nucleic acid sequence. 

18. A system according to claim 17 which further includes 
an oligonucleotide primer combination specific to the 
normal form of the predetermined nucleic acid sequence. 

30 

19. A system according to claim 17 or claim 18 wherein 
said predetermined nucleic acid sequence includes base 1691 
of the genomic DNA sequence encoding clotting factor V. 

35 20. A system according to claim 19 when dependent on claim 
18 wherein is included an oligonucleotide primer 
combination with two first and one second oligonucleotide 
primers having the sequences 5 1 -AAAAGTACCTGTATTCCTC-3 1 and 
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5 " -AAAAGTACCTGTATTCCTT-3 • , and 5 » -TGCCCAGTGCTTAACAAGAC-3 ' , 
respectively . 

21. A system according to any one of claims 1 to 16 for use 
5 in method of detecting a predetermined nucleic acid from a 

viral DNA or RNA; or genomic DNA or RNA from a micro- 
organism or an RNA specifically associated therewith, which 
system includes an oligonucleotide primer combination 
substantially specific to said predetermined nucleic acid. 

10 

22. A system according to claim 21 wherein said 
predetermined nucleic acid is specific to a taxonomic 
grouping not smaller in size that a species, in which 
system said oligonucleotide primer is specific to a 

15 nucleic acid sequence which is substantially non-variable 
and well conserved within said taxonomic grouping. 

23. A system according to claim 22 wherein said 
predetermined nucleic acid sequence is from a well 

20 conserved region of the HCV genome. 

24. A system according to claim 23 wherein said 
predetermined nucleic acid sequence is from the highly 
conserved 5* noncoding region of the HCV viral genome. 

25 

25. A system according to claim 23 wherein the first and 
second primers are 5 • -AGTGTCGTGCAGCCTCCAGG-3 1 and 

5 1 -CGGTTCCGCAGACCACTATG-3 1 . 

30 26. A system according to claim 24 wherein is used a second 
oligonucleotide primer combination for a preliminary stage 
of amplification of the nucleic acid sample in which the 
first and second primers are 5 1 -CGTTAGTATGAGTGTCGTGC-3 1 and 
5 1 -CGGTGTACTCACCGGTTCC-3 1 . 

35 

27. A method of detecting the presence r absence of a 
predetermined nucleic acid sequence in a sample of nucleic 
acid, which method comprises the steps of: 
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providing a first oligonucle tide primer capable of 
annealing with a first strand of nucleic acid containing 
said predetermined nucleic acid sequence, such that a 3 1 
end region of the first primer anneals with a first portion 
5 of said predetermined nucleic acid sequence; 

a second oligonucleotide primer having a 3' end region 
capable of annealing with a second strand of nucleic acid 
complementary to said first strand of nucleic acid such 
that a 3' end region of the second primer anneals with a 
10 portion of said second strand which portion is 

complementary to a second portion of said predetermined 
nucleic acid sequence, which second portion is spaced from 
and 5 f of said first portion; and 

one of the first and the second primers being labelled, 
15 with the other of said first and said second primers being 
anchored to a substrate; 

subjecting a sample of nucleic acid comprising first and, 
complementary, second strands to an amplification reaction 
in the presence of said first and second oligonucleotide 
20 primers ; 

removing unreacted labeled primer; and 

detecting the presence of amplified labeled nucleic acid 
captively anchored on said substrate. 

25 28. A method of detecting the presence or absence of a 

mutation at a predetermined site in a predetermined nucleic 
acid sequence according to claim 27 wherein is used a first 
oligonucleotide primer such that the S^end region of said 
first portion contains at least part of said predetermined 

30 site. 

29. A method according to claim 28 wherein is also used a 
second oligonucleotide primer combination with a first 
oligonucleotide primer such that the respective first 
35 portion of the predetermined nucleic acid sequence is from 
the normal form of th nucleic acid. 
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30. A method acc rding to any one of claims 27 to 29 
wherein is used an amplification reaction with at least 15 
amplification cycles. 

5 31. A method according to any one of claims 27 to 30 which 
includes a preliminary amplification stage with a second 
oligonucleotide primer combination. 

32. A kit of parts suitable for use in a method of 
10 detecting the presence or absence of a predetermined 
nucleic acid sequence in a sample of nucleic acid and 
comprising a detection system according to any one of 
claims 1 to 26. 

15 33. A system according to claim 17 or claim 18 wherein 
said predetermined nucleic acid sequence includes base 
20210 of the genomic DNA sequence encoding clotting factor 
II (prothrombin) . 

20 34. A system according to claim 33 when dependent on claim 
18 wherein is included an oligonucleotide primer 
combination with first and second oligonucleotide primers 
having the sequences 5 1 -ATAGCACTGGGAGCATTGAGGCTC-3 1 and 
5 ' -ATAGCACTGGGAGCATTGAGGCT-3 • , and 5 ' -TCTAGAAACAGTTGCCTGGC- 

25 3 1 , respectively. 
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